A disease characterized by paresis and paralysis was seen in 7-9-day-old broiler chicks after vaccination in the neck area at day-of-age with a live virus vaccine containing viruses of Marek's disease, fowl pox, and infectious bursal disease. Affected birds presented with variable signs of ataxia, lateral recumbency, leg paralysis, and twisting or S-shaped flexure of the neck. Gross lesions noted at necropsy included swelling and edema of the subcutaneous tissues and muscles of the neck at the injection site area. A heavy mononuclear inflammatory cell infiltration was seen in the subcutaneous tissues, connective tissues, and muscles of the neck at the injection site. In some cases, the inflammatory process extended along fascial planes to involve the epidural spaces surrounding the spinal cord. Fatty changes with possible demyelination of nerve fibers were noted in some sections of the spinal cord adjacent to the inflammatory lesions. Clusters of poxviruses were found within some inflammatory lesions on transmission electron photomicrographs.
A total of 8 separate submissions of broiler chicks showing twisting or S-shaped flexure of the neck, ataxia, lateral recumbency, and various degrees of paresis and paralysis were made to the Turlock branch laboratory of the California Animal Health and Food Safety Laboratory System, beginning in 1995. Morbidity and mortality rates in the 7-9-day-old chicks approached 6% or more in some affected flocks, primarily because of dehydration and starvation. Within 3-4 days of the onset of the problems, most affected birds either died or were culled out. All affected birds had originated from the same hatchery, where they had been vaccinated in the neck area at day-of-age with a live virus vaccine containing Marek's disease (MD) virus, including SB-1 and turkey herpes virus (THV), fowl pox (FP) virus, and infectious bursal disease (IBD) virus. Penicillin, streptomycin, and fungizone were added to the vaccine as preservatives. Necropsy findings included swelling and edema of the subcutaneous tissues of the neck area, with yellowish discoloration and occasional petechial hemorrhages in affected tissues. Inflammation of the subcutaneous tissues, muscles, and connective tissues of the neck was evident, with a heavy infiltration of lymphocytes, macrophages, and reticular cells ( Fig. 1 ). In some cases, the inflammatory process extended along fascial planes to involve the epidural spaces surrounding the spinal cord ( Fig. 2) . Cellular enlargement and vacuolization of epithelioid cells were noted microscopically in some areas of the inflammatory process ( Fig. 3 ). Clusters of viral particles with typical poxvirus morphology were noted within some lesions on electron photomicrographs ( Fig. 4 shown) were noted in some areas of the spinal cord adjacent to the mass of inflammatory cells occupying the epidural space.
Attempts were made to isolate bacteria from the subcutaneous tissues of the neck at the injection site area and from the brain and liver tissues of affected birds. No bacterial pathogens were isolated, and no microorganisms could be seen in Gram-stained tissue sections of the injection site area. Serum samples were tested for antibodies to Newcastle disease virus, infectious bronchitis virus, IBD virus, avian reovirus, and avian encephalomyelitis virus by enzymelinked immunosorbent assay. Sera were positive for all 5 viruses at titers consistent with maternal antibody levels. Serological tests were negative for Mycoplasma gallisepticum and Mycoplasma synoviae. Attempts to isolate virus from brain tissues of affected birds gave negative results in chicken embryos. Paraffin-embedded cross sections of neck tissues of chicks showing characteristic inflammatory lesions in the epidural spaces of the spinal cord were submitted for transmission electron microscopy (TEM). Clusters of poxviruses were detected within the inflammatory lesions on electron photomicrographs.
Investigations into the feasibility of immunizing young chicks against FP, using live virus vaccines, date back to the 1930s. 2, 7 However, the results of those studies were inconclusive, and because the disease was considered largely a problem in older laying chickens, most recommendations called for the vaccination of pullets at 8-20 weeks of age. But frequent and disastrous outbreaks of FP in broiler chickens, particularly in the southeastern United States, prompted the development of new strategies, and by the 1950s, vaccination for FP in broiler chicks at 1 day of age was initiated. 7 In the 1970s, FP vaccine was combined with THV for inoculation at day-of-age. 5, 8 Vaccines containing various combinations of live viruses, including THV, SB-1, FP virus, and IBD virus, are now used routinely for the vaccination of broiler chicks at the hatchery. Adverse tissue reactions are not uncommon in chickens and turkeys injected with vaccines, particularly killed bacterins, and are usually associated with oil-based or aluminum hydroxide-based adjuvants, which can be highly irritating. 3, 4, 6 In turkeys, the intramuscular injection of fowl cholera vaccine containing oil-adjuvant can result in significant inflammation. Bacterin or adjuvant diffuses in the muscle fascia, resulting in extensive yellowish caseous necrosis. Affected birds are often depressed, display loss of appetite, and present various degrees of lameness or neck posture abnormalities, depending on the site of inoculation. 1 Inflammatory reactions have also been observed in chickens injected intramuscularly with oil-adjuvanted killed vaccines such as M. gallisepticum bacterin. Inactivated virus vaccines are much less likely to cause adverse tissue reactions; however, inflammation has been reported in broiler chicks injected in the neck muscles with live FP vaccines. 8 Such reactions have included localized tissue swelling and necrosis of skeletal muscle. In some cases, poxvirus inclusion bodies have been found in reticular cells within the inflammatory lesions. 8 Paresis and paralysis have been reported in young broiler chicks after vaccination in the neck area at day-of-age with a live virus vaccine containing viruses of MD, IBD, and FP (Gustafson CR, et al.: 1996, 45th Western Poultry Disease Conference, Cancun, Mexico). Experimental evidence was presented in that report to suggest that poxvirus was the most likely component of the vaccine to have produced the symptoms and lesions observed in the field cases. The following year, neuritis, ataxia, and lateral recumbency were reported in young broiler chicks after vaccination in the neck area with MD and FP viruses, although the specific component of the vaccine responsible for the reaction was not identified (Shivaprasad HL et al.: 1997, 47th Western Poultry Disease Conference, Sacramento, CA).
Poxviruses have a particular affinity for the epithelium, particularly the unfeathered parts of the skin; however, they have the potential to invade other epithelial tissues as well, and infections involving the eyelids, mucous membranes of the mouth and esophagus, tracheal epithelium, and, in some cases, the tissues of the lower respiratory tract and lungs are not uncommon in chickens during outbreaks of FP. 2 Other specialized epithelial structures such as cornea, feather fol-licles, and oil glands may be infected experimentally, illustrating the potential of the virus to infect a wide range of tissue types. Regardless of the type of tissue involved, poxvirus infections are characterized by cellular hypertrophy, hyperplasia, and cellular enlargement. 2 In the outbreaks discussed here, vaccination was performed at the hatchery using a handheld automatic syringe equipped with a 1-inch, 20-gauge needle, calibrated to deliver 0.2 ml of vaccine to the subcutaneous tissues of the neck. The procedure involved pinching up a loose fold of skin at the back of the neck and directing the needle into the subcutaneous tissues at an angle, attempting to avoid muscle and bone. Accuracy is very important when injecting into the neck area of 1-day-old chicks, in order to reduce the possibility of inflammation in the deeper muscle tissues or mechanical injury to bone, muscle, nerve, or other critical structures in the neck area. Proper vaccination technique requires skill and experience. It has been noted, for example, that many of the vaccination reactions occurring at the hatchery seemed to occur at times when regular vaccination personnel were on vacation and inexperienced operators were assigned to inoculate the birds.
In conclusion, the symptoms of paresis and paralysis observed in the 7-9-day-old broiler chicks and the inflammatory lesions noted in muscles and connective tissues of the neck area are most likely caused by tissue reaction to a live virus vaccine injected into the neck area at the hatchery when the chicks were 1 day old. The vaccine was intended for subcutaneous application but may have been inadvertently injected into the deeper tissues of the neck. Inflammation of the muscles of the neck, as well as possible mechanical compression of the spinal cord by the encroaching mass of inflammatory cells, may account for the ataxia, paresis, and paralysis observed in the affected birds. The cellular enlargement and vacuolization of epithelioid cells observed within some areas of the inflammatory process surrounding the spinal cord and the demonstration of clusters of poxviruses within the inflammatory lesions on electron photomicrographs suggest that the poxvirus component of the vaccine may have been responsible for the vaccination reaction.
